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Abstract 
Energy conservation is essential for sustainable development. In order to find out the relative importance of various 
factors and take more effective actions, conventional decomposition studies mainly focus on economic activities. In 
this study, we explain energy consumption through people's use of time. We employ data on time use, population and 
energy consumption to analyze the impacts of time use structure and energy intensity for various activities across 
years in the United States and compare with China at a different stage of social development. Results emphasize the 
importance of the energy intensity effect in future energy conservation efforts while the time use structure effect 
could also contribute especially for countries experiencing significant social transformation. 
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1. Introduction 
Deep understanding of energy consumption is crucial for energy conservation. Decomposition studies 
explain a country's energy consumption into various effects to evaluate past progress and guide strategic 
directions for the future. A commonly-adopted conventional decomposition method focuses on economic 
activities to categorize factors’ impacts into the scale effect of GDP growth, the economic structure effect 
due to the changing shares of various economic sectors, and technological improvement of energy 
efficiency in each economic sector [1]. Another seldom adopted method explains energy consumption 
from the perspective of people's lifestyle as indicated in their time use patterns [2; 3].  
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Every person has exactly 24 hours per day. Energy consumption per person per day will then be 
explained with only the time use structure effect and the energy intensity effect. In order to control energy 
consumption, the corresponding implications in the conventional decomposition method could suggest 
slowing down GDP growth, shifting the economic structure to less energy-intensive sectors such as from 
industrial to service sectors, or enhancing energy efficiency to generate more economic outputs with a 
certain amount of energy. The time-use approach could provide energy conservation insights from two 
aspects. First, if people’s time use could be switched away from more energy-intensive activities, the 
lifestyle change could curb overall energy consumption. The second method is to reduce energy intensity, 
or energy consumption per person per hour. Energy and time often face trade-off between each other in 
people's lifestyle. Time-saving activities are generally more energy intensive, while time is largely taken 
as a more and more scarce resource with modernizing lifestyle to tilt the balance toward higher energy 
intensity, such as using washing machine and other home appliances [4].  
 
This paper will use the United States as a case study to examine the time use structure and energy 
intensity effects over a period of ten years. China will also be introduced for comparison to more clearly 
distinguish the two effects. The paper is organized as follows. Section 2 introduces data and methodology. 
Section 3 analyzes data and explains research findings. Section 4 concludes the paper.  
2. Data and methodology 
Data on the United States cover total energy consumption in various sectors [5], annual time use survey 
data from 2003 to 2012 for population above the age of 15 indicating average time use for various 
activities in a day [6], and population data [7]. Only one survey has been conducted in China on time use 
patterns, which was in 2008 [8]. Corresponding energy consumption and population data come from 
China’s energy statistical yearbook [9].  
 
The most important obstacle in the analysis is the mismatch of energy consumption data and time use data. 
Energy consumption data largely follow economic activities while time use data focus on human 
activities. The data are reorganized into three categories, specifically work, transportation and others 
(containing mainly sleeping, leisure, housekeeping and social activities). Work-related energy 
consumption includes primary, secondary and tertiary sectors. Other activities link to residential energy 
consumption. Furthermore, time use data only refer to those over the age of 15 while energy consumption 
data cover the entire population. It is assumed that younger people do not incur their own energy 
consumption independently. The assumption should more or less hold. Children are essentially not 
allowed in law to work or drive and rarely stay alone.  
 
From the time use perspective, energy consumption per person per day could be explained as:  
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"Ti" refers to hours spent for activity i in an average day for an average person. " EIi " indicates energy 
consumption per person per hour for activity i.  
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This paper adopts a complete decomposition method to evenly distribute the residual term between the 
factors for the analysis of the time use structure effect ( effectT ) and the energy intensity effect ( effectEI ) 
[10]. 
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3. Results 
3.1. The temporal change in the United States 
Over the period of 2003~2012, energy consumption per person per hour in the United States dropped 
from 51.4 MJ/person/hour to 45.4 MJ/person/hour, or by 11.6% (Fig. 1(a)). The energy intensity 
indicators went down by 8.1%, 5.0% and 13.8% for work, transportation and other activities, respectively. 
Transportation is consistently the most energy-intensive time use to consume 259.9 MJ/person/hour in 
2012 while the figures were 171.4 MJ/person/hour and 11.8 MJ/person/hour for work and other activities.  
 
Energy consumption per person per day experienced a significant drop after the 2008 financial crisis. 
Time use is shifted toward less energy-intensive other activities, away from work and transportation, 
partly to reflect the high unemployment rate in the United States (Fig. 1(b)). The energy intensity effect 
also led to lower energy consumption. In comparison with 2003, the energy intensity effect could explain 
72% of the change in 2012 while the time use structure effect accounted for the remaining 28%. The time 
use structure effect is likely to rewind gradually when the employment rate in the United States returns to 
pre-2008 levels. The result may indicate that for a mature society, the most important method to reduce 
energy consumption is to reduce energy intensity.  
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Fig. 1(a) (left) Energy intensity of time use in the United States (MJ/person/hour)  
(b) (right) Decomposition of energy consumption per person per day (changes are relative to year 2003) 
[6; 9; 8; 7; 5] 
3.2. The comparison between China and the United States 
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China is experiencing dramatic social changes together with the rapid economic growth from a rural 
society in the past to an industrial one at present and likely a post-industrial one in the future. In 2008, an 
average adult Chinese worked 30% longer in an average day and its present energy consumption per 
person per day is consistently lower than that in the United States across the three categories of time use. 
However, very differently in China, the most energy-intensive time use is not for transportation (13.4 
MJ/person/hour) but for work (37.5 MJ/person/hour), indicating the dominance of energy-intensive 
industrial sectors in employment. Comparing the two countries in 2008 with common data availability, 
the time use structure effect actually enhanced energy consumption per person per hour in China with the 
explanatory power of -11.5%, while the cross-country difference was mainly due to energy intensity 
effect (explaining 111.5% of the difference).  
4. Conclusion 
This paper explains the change of energy consumption per person per day into two effects, the time use 
structure effect (time use patterns in an average day in the entire population) and the energy intensity 
effect (energy consumption per person per hour). The energy intensity effect provides the largest 
explanatory power not only for temporal changes in the United States over the period of 2003~2012, but 
also for the comparison between China and the United States with significantly different time use patterns. 
Accordingly, how to reduce energy intensity of time use should be a priority for future energy 
conservation. Although the time use structure effect plays a less significant role, a shift away from more 
energy-intensive activities could still make important contribution. 
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